Flexible free standing polymer electrolyte films have been successfully prepared using a blend of poly(vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP) and poly(vinyl chloride) (PVC) doped with lithium perchlorate (LiClO 4 ). The conductivity of the film was influenced by salt concentration and the degree of crystallinity. An optimum room temperature conductivity obtained was 2.10 x 10 -4 S cm -1 for PVDF-HFP/PVC containing 35 wt.% LiClO 4 . The temperaturedependent conductivity of the polymer films exhibited VTF-type behaviour.
Introduction
Liquid electrolytes are associated with problems such as leakage, gas formation that arise from solvent decomposition and low power to weight ratio. These problems can be avoided by the use of solid electrolytes. In the effort to search good polymer electrolytes, various types of host polymers have been considered. PVDF-HFP is a prominent copolymer to be used as host polymer in polymer electrolytes for its favourable characteristics such as high dielectric constant, low crystallinity low glass transition temperature, excellent chemical stability and plasticizity [1, 2] .
In a preliminary study done in the authors' laboratory, it was observed that PVDF-HFP-LiClO 4 complexes formed brittle films. Therefore, in this study, we blended PVDF-HFP with PVC in the hope to improve this brittle property. The characteristics of the electrolyte films prepared using the PVDF-HFP/PVC blend are presented in this paper.
Experimental
The polymer electrolytes composed of a blend of PVDF-HFP and PVC were prepared by solution casting technique using Dimethylformamide (DMF) as the solvent. The mixture of polymers and doping salt in suitable amounts were stirred continuously with a magnetic stirrer for 24 hours at room temperature until homogenous solutions were obtained. The solutions were then poured into petri dishes and left to dry at room temperature to form films. Thermal analysis was performed using Mettler Toledo DSC instrument in argon atmosphere at a scan rate of 10 o C/min. The relative percentage of crystallinity, X c was calculated using the equation obtained from reference [3] . Impedance measurements were done by using HIOKI 3532-50 LCR HiTESTER impedance analyzer in the frequency range 100 Hz to 5 MHz in the temperature range from 303 K to 353 K.
Result and Discussion

PVDF-HFP/PVC Blend Polymer.
In order to determine the most suitable blend ratio to be used as host for preparing polymer electrolyte films, PVDF-HFP/PVC blend films of different PVDF-HFP and PVC compositions were prepared. The prepared PVDF-HFP/PVC films' characteristics are listed in Table 1 Fig.1 shows DSC curves of PVDF-HFP and PVDF-HFP with various concentrations of PVC. The DSC curves exhibit an endothermic peak around 145 ºC. This peak was attributed to the melting point of PVDF-HFP [3] . The values of T m , ∆H m and X c for all of the PVDF-HFP based films are listed in Table 2 . The relative percentage of crystallinity decreased with increase in PVC concentration. The film of 80 wt.% PVDF-HFP-20 wt.% PVC had the lowest value of X c . Although this film showed the lowest degree of crystallinity, the film was very rigid and possessed a rough surface.
The plot of conductivity versus concentration of PVC is depicted in Fig.2 . The ionic conductivity increased with increase in PVC concentration up to the concentration of 15 wt.% but decreased with further increase in PVC concentration. This means that the film of 85 wt.% PVDF-HFP-15 wt.% PVC gave the highest conducting. As mentioned earlier, the blend of 85 wt.% PVDF-HFP-15 wt.% PVC produced the most flexible film. This blend composition also produced film with the smoothest surface and highest conductivity. Therefore, this blend ratio was chosen for the preparation of polymer electrolyte films. 
PVDF-HFP/PVC-LiClO 4 Polymer Electrolytes.
In order to prepare polymer electrolyte films, the wt.% of PVDF-HFP:PVC were kept constant (85:15) and the wt.% of LiClO 4 was varied. All the polymer electrolyte films obtained were flexible and free standing. Fig. 3 shows DSC curves of the polymer electrolyte films. The DSC curves show an endothermic peak around ~140 ºC which was assigned to the melting temperature of PVDF-HFP. Table 3 lists the value of T m , ∆H m and X c of the films. From the table, it can be observed that the T m of PVDF-HFP decreased with the increase of salt content. The decrease in the T m indicated a decrease in spherulite size of the polymer electrolytes [6, 7] . Table 3 also shows that the relative percentage of crystallinity decreased with increase in salt concentration. However, at salt concentration of 40 wt.%, the degree of crystallinity increased. Fig. 4 is the plot of ionic conductivity for PVDF-HFP/PVC-LiClO 4 films at room temperature. The increase in conductivity observed in this figure was due to the decrease in degree of crystallinity as indicated by DSC study and increase in the number of mobile ions [8, 9] . The highest conductivity achieved was 2.10 × 10 -4 S cm -1 for the system containing 35 wt.% of salt. The addition of more than 35 wt.% of salt diminished the conductivity. This could be due to the formation of non-conducting ion pairs which caused constrain to the host polymer segmental motion and increase in the crystallinity of the electrolyte [10, 11] . Fig. 5 illustrates the plots of log conductivity versus 10 3 /T for selected PVDF-HFP/PVC-LiClO 4 electrolyte films. All films exhibited an enhancement in conductivity with temperature. The film containing 35 wt.% LiClO 4 showed the highest ionic conductivity at every temperature. The curvature of the plots indicates that the temperature dependent ionic conductivity followed the Vogel-Tamman-Fulcher (VTF) relationship suggesting that the transport of ions in the polymer electrolytes depended on segmental motion of the polymer host. The increase in conductivity could also be associated to the increase in charge carrier concentration due to the increase in ion dissociation.
Shown in
Conclusion
In this study, flexible free standing PVDF-HFP/PVC-LiClO 4 polymer electrolyte films have been successfully prepared. The highest ionic conductivity of 2.10 × 10 -4 S cm -1 was obtained for the film of PVDF-HFP/PVC containing 35 wt.% LiClO 4 . This value was also higher compared to that of PVDF-HFP-LiClO 4 which was in the order of 10 -5 S cm -1 prepared earlier in the authors' laboratory. This means PVDF-HFP/PVC blend yielded film with higher conductivity compared to the unblended PVDF-HFP. 
